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having bacteriostatic properties, and having a

Introduction
With the advances in chemical and
biomedical sciences, there has been a movement

greater durability comparted to resins.
Some of the topics that will be discussed in

to remove mercury from dental materials.

this paper are a brief history of dentistry, the

Mercury containing amalgams have been used in

development of amalgams, the development of

dental fillings for over 150 years, but as new

resin composites, followed by current research into

materials with competitive properties arise,

Proanthocyanidins. “Physical properties of

dentists now have the opportunity to use

particular importance in dental materials are

alternative materials1. Before exploring the

dimensional stability, tensile and compressive

properties of alternative materials, it is important

strength, thermal conductivity, color and

to understand amalgams and why it has remained

translucence. As well, the material should be

in use for several centuries. An amalgam by

biologically and chemically compatible in the

definition is “an alloy of mercury with another

mouth, inexpensive, and easy to prepare in the

metal that is solid or liquid at room temperature

dentist office.”3 Finding a material that satisfies

according to the proportion of mercury present

the demanding physical and chemical variables of a

and is used especially in making tooth cements.”2

filling can be very difficult. Ideally, the material

Essentially, an amalgam is a mercury, silver, tin,

used in a filling would be as similar to the original

and copper mixture that forms a malleable

tooth in all of these areas, but we have yet to

material, ideal for filling cavities. At the chemical

create a compound capable of doing so. Many of

reaction progresses, the malleable material

the materials currently in use can excel in one of

hardens and forms a durable material. Some of the

the categories, and yet fall short in another. Like

benefits of amalgams include: being low cost,

while amalgams have high durability they fall short

having low moisture sensitivity during application,

in cosmetic appearance. And while composite
resins excel in cosmetic appearance, they fall short
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in durability. Research into chemical additives, such

sensitivity during application, and bacteriostatic.

as proanthocyanidins, show promise as they are

These properties are highly aligned with the

able to directly address the specific chemical or

properties of the natural tooth structure.

physical shortcoming.

Low Copper Alloy
There are several types of amalgams, but

Amalgams

the two types that will be discussed in this paper is

Amalgams are one of the earliest developed
low copper alloys and admixed alloys. The key on
and longest lasting materials in the history of
the following page shows some of the important
dental compounds. The first documentation of
components of amalgams, along with the standard
amalgams is from 659 A.D. in China during the Tang
abbreviations. In a low copper alloy, γ and β react
4

Dynasty. It was not until nearly a millennia later
with mercury to form γ, γ1, and γ2, as shown below.
that amalgams made their way to Europe. The
As the reaction begins, the amalgam starts out soft
earliest European documentation of amalgams
as the γ1 and γ2 phases begin formation. As time
occurred in 1525 in Germany. Although amalgams
passes, the reaction forms γ1 and γ2 crystals, which
were around in 1525, it was not till the 1800’s that
in turn increases the strength and hardness of the
amalgams became the primary restorative dental
material. The time frame between being soft and
material in standard practice. The use of amalgams
malleable to hard and no longer workable is called
in dentistry continues to be a part of common
the working time. This limited time frame makes it
practice in the modern age. In order for a material
especially important to work efficiently when filling
to continue to be in use over such a long period of
a cavity.
time, without being substituted with an alternative,
Key:
shows how effective amalgams are as a filling
material. Some of the reasons why amalgams
have remained around for so long, is they are low

γ : Ag3Sn (mechanically the strongest)
γ1 : Ag2Hg3 (major matrix phase in set amalgam)
γ2 : Sn8Hg (weakest phase, corrodes easily)
β : Ag5Sn

cost, highly durable, long lasting, low moisture
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η' : Cu6Sn5

Typically, the amount of γ (Ag3Sn)

ε : Cu3Sn

unreacted material, ranges from 27-35%. Whereas
Low Copper Alloy
the amount of γ1 (Ag2Hg3) and γ2 (Sn8Hg) range

Ag3Sn, Ag5Sn + Hg → Ag2Hg3 + Sn8Hg + Ag3Sn
i.e. (γ + β) + Hg → γ1 + γ2 + γ

from 54-56% and 11-13% respectively. If there is
always unreacted starting material, γ (Ag3Sn), it
The major structural component of a low

may seem logical to add more liquid mercury so

coper amalgam is γ1. This is also known as the

the γ (Ag3Sn) can react to completion. While the

major matric phase of the amalgam. The silver

sources I found did not explicitly state why more

from γ1 has a solubility of 0.035% by weight in

Hg is not added to the reaction, it is likely to

mercury, where the tin from γ2 has a solubility of

prevent excess unreacted Hg from being present.

0.6% by weight in mercury. The γ1 forms first as it

Unreacted γ(Ag3Sn) poses no biological threat to

is less soluble in mercury compared to γ2. The

the patient whereas unreacted liquid Hg has many

precipitation of γ1, forms with a base centered

biological hazards.5

cubic, BCC, structure. The BCC structure gives γ1

Admixed Alloy
High copper alloys, such as an admixed

structural integrity, making it ideal for dental
fillings. Due to the tin in γ2 being slightly more
soluble than silver in γ1, γ2 precipitates after γ1.
Instead of having BCC structure, γ2 has a hexagonal
3D structure, a significantly weaker structure
compared to BCC. To provide reference on the
strength of the two substances, γ2 only has around
10% of the structural strength as compared to γ1.
Due to the relative weakness of γ1, it is desirable to
remove it from the amalgam.5

alloy, is able to remove the γ2 phase from the
compound by the addition of a copper compound,
AgCu. AgCu reacts with the γ2, forming Cu6Sn5, also
referred to as η'. In removing the γ2 compound
and replacing it with η', the amalgam alloy has an
improved structural strength, allowing it to have an
increased durability and longevity as a filling.6
While low copper alloys and admixed alloys have
significant structural integrity, low cost, and
Ryker 4

relatively simple application process, the presence

practice. The shape of the hole is critical to the

of lead makes them less than ideal.

longevity of the filling. Without the proper shape,

Admix Alloy
γ(Ag3Sn) + Ag-Cu (eutectic) + Hg → γ1 (Ag2Hg3)+ η ′
(Cu6Sn5)+ unreacted γ (Ag3Sn) + unreacted Ag-Cu
(eutectic)
i.e. γ + Ag-Cu + Hg → γ1 + η ′ + γ1+ Ag-Cu
Amalgam Disadvantages
One drawback of amalgams is they often

the amalgam filling can easily fall out.
Unfortunately, the requirement of a dove tail
shaped hole also means that healthy tooth
structure is often removed in the process, resulting
in a more invasive procedure. While occlusion
(biting surface) fillings can be treated by the
methods described above, lingual, buccal, labial,

require a more invasive filling procedure. Figure 1

and vestibular surfaces are more difficult to treat

below7 is of a tooth requiring a filling. The drop-

and can often be even more invasive. There is less

like shape on the occlusion surface of the tooth

enamel and dentin on the sides of the teeth, which

represents decay. If this tooth were to receive an

makes it more difficult to create a dove tail shaped

amalgam filling, all of the area between the black

hole without compromising the strength of the

lines would require removal. The area of removal

remaining healthy tooth structure. Often these

is in the shape of a dove tail due to amalgams

types of fillings are connected to occasional fillings

lacking the capability to
bond to the tooth

to provide structural integrity.5
While more invasive fillings are a drawback

surface. While cements

of amalgam fillings, the main factor pushing for an

can be used when

alternative method of treatment is the cosmetic

applying amalgams, it is

factor. Amalgams have a grey silver color as a

not very common

metallic substance, which comes in stark contrast

Figure 1: 1 indicates the site of decay. 2 refers to the enamel
structure. 3 refers to the dentin structure. The black line represents
the tooth structure needing to be removed for an amalgam filling. 7

to the coloring of the tooth. Ideally, the filling
would be as similar as possible to the original tooth
Ryker 5

in biocompatibility, durability, and appearance.

When selecting a polymer matric it is important to

The need for more cosmetically appealing

choose one that minimizes shrinking, demonstrates

materials is one of the reasons why resins were

biocompatibility, and has a quick setting time.

developed. 6

The second component of a resin filling is
the inorganic filler particles. The filler is composed

Resins
There are four main components of resins:

of either quartz, glass, or a sol-gel derived ceramic.

the polymer matrix, inorganic filler, coupling agent,

The filler comes in a variety of sizes, from 23-30 um

and the indicator and accelerator. The most types

(macro fills) to 1-100nm (Nano fills). Typically, a

of polymer matrix are shown below, Bis-GMA: 2,2-

hybrid mixture is used, containing some macro and

UDMA: Urethane dimethacrylate (figure 2)8 and

nano filler. The variety in size allow for more

Bis[4-(2-hydroxy-3-methacryloxypropoxy)

effective packing and greater structural integrity.

phenyl]propane (figure 3)9. The double bonds on

The inorganic filler serves three main functions:

the ends of these compounds allow the

reinforcing the resin matrix, providing a degree of

polymerization reaction to occur once activated by

translucency, and controlling the volume shrinkage

free radical initiators. While there are many other

during polymerization. Figure 4, shown below,

polymerization compounds, these are the most

shows the variety in size of composite fillers. 10

popular compounds for dental resins currently.

Figure 2: UDMA: Urethane dimethacrylate, a common polymer
matrix.8

Figure 4: Composite filler ranges versus particle size. This chart
demonstrates the wide range of particle size.10

The third component of resins is the
coupling agent. The role of the coupling agent is to
Figure 3: Bis-GMA: 2,2-Bis[4-(2-hydroxy-3-methacryloxypropoxy)
phenyl]propane is a common polymer matrix.9

form a bridge between the inorganic filler and the
Ryker 6

organic polymer matrix. Silicon containing

The fourth and final component to a filling

compounds, like MPTS: 3-

is the indicator and accelerator. The function of

Methacryloxypropyltrimethoxysilane (shown in

the indicator and accelerator is to initiate the

figure 5)11, are used to form the bridging bonds.

polymerization reaction of the polymer through

The methoxy groups hydrolyze to form hydroxyl

free radicals. There are two main categories of

groups through acid or base catalyzed reactions.

accelerators: light initiated and chemical activation

The hydroxyl groups then bind covalently to the

(figure 7). Champhorquinone is an accelerator that

hydroxyl groups of the inorganic filler. During the

has peak wavelength absorption of 465nm. At this

final curing step, the methacryloxy groups react

wavelength, the wavelength of light is blue.

with the resins, completing the bridging bond, as

Champhorquinone is the reason why dentists shine

shown in figure 6.5 Without a coupling agent, the

a blue light on a filling once completed. When

organic and inorganic compounds in the filling

Champhorquinone absorbs light at this wavelength,

would be unable to bind to each other.

it generated a free radical, which can in turn
initiate the polymerization reaction. The other
method of curing a filling is through chemical
activation. This is where an amine is mixed in with

Figure 5: MPTS: 3-Methacryloxypropyltrimethoxysilane is a common
coupling agent, responsible for forming bridging bonds between the
organic matrix and the inorganic filler.11

the organic polymer, inorganic filler, and the
coupling agent right before filling the cavity. The
disadvantage of this method is as soon as the
material is mixed, the material begins to
polymerize and set. This can be difficult for the

Figure 6: Silicon compounds, like MPTS, form a bridging bond
between the organic matrix and the inorganic filler. The bridging
bonds are necessary for the strength of the filling and integration of
the resin components.5

dentist as he has greater time restrictions. The
ability to choose when the material begins to set,
as with light initiated accelerators, is preferable.6
Ryker 7

actual filling has a shorter lifespan. Where an
amalgam lasts from 10-15 years, a resin composite
filling has a limited lifespan of 5-8 years.12 In
Figure 7: Champhorquinone absorbs light at 465nm to generate free
radicals, which can initiate the polymerization reaction. Amines
begin reacting with the polymer upon contact, making it more
difficult to time the setting of the resin material. 5

particular, resins in high stress locations, such as

Benefits and Disadvantages of Resins

term in comparison to amalgams.13 While there

One of the major benefits of resin fillings is

occlusion surfaces, tend to underperform long

are many benefits of resins over amalgams, there is

the ability to have less invasive fillings. Unlike

room for improvement in durability and

amalgam fillings, resins bond directly to the dentin

biocompatibility. It is for this reason, there has

matrix through a bonding agent. Figure 8 shows

been a push in researching alternative materials

how the tooth

and improved methods for resin fillings. For the

structure prior to

time being, many insurance companies provide

applying a resin filling is

coverage for resin fillings up to the cost of the

limited to the area of

amalgam, but any additional cost must be paid out

decay.7 This varies

of pocket. While resins continue to be more

Figure 8: 1 indicates the site of decay. 2 refers to the enamel structure. 3
refers to the dentin structure. The black line immediately surrounding the
site of decay represents the tooth structure needing to be removed for a
composite filling.7

drastically from the amalgam filling where a
dovetail shaped hole was necessary to hold the
amalgam in place. In limiting the removed tooth
structure to the area of decay, the process of
applying a filling is less invasive and a greater
amount of the healthy tooth structure can remain
intact. While the procedure is less invasive, the

expensive than amalgams, it is possible that if
resins improve to the point of outperforming
amalgams in durability and longevity, then
insurance companies could provide additional
financial support for the application of resins over
amalgams.
Proanthocyanidins
While the effects of proanthocyanidins,
PACs, have been known for many years, it was not
Ryker 8

until recently that they have researched into

provides an example of a typical PAC consisting of

applying them to dentistry. PACs antimicrobial,

three flavan-3-ols, also known as a trimer.

antiadhesion, antioxidant, anti-inflammatory

Types or Proanthocyanidins
There are three different types of

properties14 made it a good candidate for potential
dental applications.15 As a flavonoid, PACs are

proanthocyanidins (PACs): procyanidins, oligomeric
proanthocyanidins (OPACs), and polymeric

present in many biological materials including
proanthocyanidins (polymeric PACs). These
berries and pine bark. Typically, berries and fruits
categories are based on the hydroxylation patterns
had the largest quantities of proanthocyanidins,
of the A and B rings of the flavanone skeleton.
with the exception of citrus fruits, where
vegetables and roots lacked proanthocyanidins.14

Procyanidins are PACs containing (-) epicatechin or
(+) catechin as their building blocks. OPACs are

Proanthocyanidins are composed of repeating
composed of (-) epicatechin (2,3 cis) and (+)
flavan-3-ol monomeric building blocks. The
catechin (2,3 trans). Polymeric PACs, commonly
number of favan-3-ols and orientation of bonding
referred to as tannins, form complex aggregates.
determine the chemical properties of the PAC. The
proanthocyanidin shown below in figure 916

Polymeric PACs, tannins, are typically insoluble in
polar organic solvents and result in the
precipitation of proteins.17 Figure 10 shows a few
of the possible PAC isomers possible and the
degree of diversity in binding as well as the
diversity in number of bonded flavan-3-ols.17 Due
to the high degree of diversity it can be

Figure 9: The trimer shown above is an example of a simple
proanthocyanidin. The monomer of the PAC polymer is flavan3-ol. In this case, the polymer consists of three flavan-3-ol
monomers.16

exceptionally difficult to isolate a specific PAC with

Ryker 9

Figure 10: The figure above shows a few of the many isomeric configurations of PACs. PACs can differ in bond orientation and number of flavan-3-ol
monomers. As a result, the degree a variability creates a variety in chemical properties.17

the same number of flavan-3-ol monomers and the

the step by step process of filling a cavity with a

same bonding configuration.

composite resin filling.18 The bonding phase is a
critical step in the resin filling process, as the

Adhesion studies
The Journal of Dental Research published a

strength of the bond can determine the life length

paper in 2016, written by the Department of

of the filling. If the bond is not effective, or wears

Restorative Dentistry, College of Dentistry at UIC,

out, then the filling can fail. “The mechanism of

on Biostability of the Proanthocyanidins – Dentin

adhesion relies on the formation of a hybrid zone,

Complex and Adhesion Studies. The journal

with micromechanical interlocking between the

explored the application of proanthocyanidins as a

resin and the collagen-rick dentin matrix. The

potential adhesive substance to strengthen the

degradation of unprotected collagen at the resin-

bonding phase of a resin filling. Figure 11 shows

dentin adhesive interface by activation of hostRyker 10

higher-order oligomeric and polymeric PACs were
removed by 2-phase partitioning procedure,
resulting in an enriched grape seed extract (e-GSE).
The e-GSE was applied to a dentin matrix during
the bonding phase of the resin restoration
procedure. After curing and setting, the physical
properties of the e-GSE filling was tested and
compared to a control filling. One of the most
Figure 11: The figure above shows the step-by-step procedure for
composite resin fillings. One area of research is looking into applying
PACs during the bonding phase.18

derived enzymes is also associated with early
failure of resin composite restorations (Mazzoni et
al. 2012).” In other words, the interface between
resin and dentin is critical to the overall durability
and life of a filling. The most frequent cause of
failed adhesive restorations is secondary caries and
marginal breakdown. If the bonding of a resin to
the dentin of the tooth were to become stronger,
then this could lower the number of failed
restorations, and improve the lifespan of
composite fillings.19
The proanthocyanidins used in the 2016
adhesion study by the college of UIC were
extracted from grape seeds of Vitis Vinifera.19 The

notable results was the drastic change in dentin
elasticity. Figure 12, shows the effect e-GSE has on
short and long-term elasticity.19 The viscoelastic
properties of collagen were altered, becoming
more elastic and less viscus. When a low
concentration of e-GSE was applied, there was a
gradual increase in elasticity (Er). While if a high
concentration of e-GSE were applied, such as 30%
e-GSE, then there was a rapid increase in Er.19
The other notable result of this experiment
is the microtensile bond strength results (Figure
13). The graph shows the effect of hydrophobicity
and age on the s-GSE treated filling versus the
control. The short-term data, 24 hours, shows the
e-GSE to have a significantly higher bond strength
than the control. This trend continues when
Ryker 11

Figure 13: Results of the microtensile bond strength after 24 h and 1 y of
artificial saliva. The e-GSE treated showed minimal influence by the
varied hydrophilicity, whereas the control showed a significant influence
by the hydrophilicity of the experimental adhesive resin.19

major component of the experimental resin
composition, is a polymer matrix that has the
Figure 12: Results of the long-term apparent modulus of elasticity (A) of
the dentin matrix and collagen solubilization by endogenous proteases
reported as cumulative hydroxyproline (HYP; B) released in the 0 to 6 mo
(lighter gray) and between 7 and 12 mos (darker gray).19

ability to absorb significant volumes of water;
meaning, the higher the concentration of HEMA in

looking at the long-term, 1 year, bond strength

the polymer, the lower the concentration of

test. Notably, the bond strength remains around

residual water.20 In other words, the presence of

65 MPa with only a slight decrease in bond

HEMA removes water from the filling, allowing

strength with age. In contrast, the control exhibits

more hydrophobicity sensitive resins to bond more

a greater degree of decreased bond strength over

effectively. The e-GSE resin bonds showed minimal

the time progression from 24 hours to 1 year. The

changes as the HEMA concentration changed,

terms H18, H6, and H0 refer to the concentrations

meaning the presence of e-GSE decreases the

of 2-

sensitivity of the resin bonding to water. Whereas

hydroxyethyl methacrylate (HEMA), (18% HEMA,

the control lacked e-GSE and exhibited a greater

6% HEMA, and 0% HEMA respectively). HEMA, a

degree of decreased bond strength as the
Ryker 12

concentration of HEMA decreased. Overall, the

for resistant bacteria, as the PAC acts in a way that

data collected suggest that PACs have potential as

does not negatively affect the bacteria.21

a bio adhesive between the dentin matrix and the

A 2011 study examined the potential

resin complex. The improved elasticity and

application of proanthocyanidins as a potential

improved microtensile bond strength are key

treatment of periodontal disease. The three main

attributes of a successful bonding compound for

bacteria responsible for periodontitis and gingivitis,

the dentin resin interface.

a more mind form of periodontitis, are Treponema
denticola (gram +), Tannerella forsythia (gram -

Bacterial adhesion studies
A 2008 study, Cranberry Derived

), and Porphyromonas gingivalis (gram -).22 The

Proanthocyanidins Reduce Bacterial Adhesion to

main bacteria involved in tooth decay is

Selected Biomaterials, tested PACs as a potential

Streptococcus mutans, which happens to be a gram

inhibitor of bacterial binding. In particular, the

positive facultative anaerobe.23 Seeing how PACs

study examined the potential to reduce gram

have shown potential as a adhesion inhibitor for

positive bacteria binding to PTFE and PVC. This

gram positive bacteria, PACs show potential as a

was the first time that cranberry PACs were shown

periodontal disease treatment. The findings for the

to inhibit gram positive organisms from binding to

2011 study showed PACs to inhibit binding of P.

a nonbiological particle.21 While the PAC treated

gingivalis, T. forsythia, and T. denticola, including

surfaces did not completely inhibit bacterial

both gram positive and gram-negative bacterium.

adhesion, it did limit the binding in ranges from 1.2

Once again, the PACS do not interfere with the

to 5.8 fold.21 Meaning, 1.2-5.8 few particles

growth of bacteria, rather they interfere with the

bonded to PAC treated surfaces. The reduction in

bacterial biofilm formation. By interfering with the

binding applied to both biomaterial and latex

biofilm formation, selective pressures for resistant

particles. One of the benefits of PAC surface

bacterium is avoided. In addition, PACS were

treatment is it did not impart selective pressures
Ryker 13

shown to reduce collagenase activity and invasion

But if PACs were purified, they could have potential

of the basement membrane of the periodontium.22

as an alternative method of treatment for gingivitis

A study from the Journal of Agricultural and

and periodontal disease. Current methods for

Food Chemistry, published in 2015, reported

treatment for gingivitis and periodontitis involve

similar findings on the effects of proanthocyanidins

antibiotics, which have the potential to encourage

on gingivitis and periodontitis related bacteria.24

the selection of resistant bacteria. PACs offer a

The study primarily focused on the anaerobic

potential alternative treatment that discourages

Gram-negative bacteria, Fusobacterium nucleatum,

bacterial growth of gram-positive and gram-

and its interaction with PACs, extracted from wild

negative bacteria through biofilm reduction.

blueberries (Vacciunium angustifolium Ait.).

Negative effects of PACs
In researching the application of PACs to

Similar to previous studies, the PACs inhibited the
dental materials, there were a few studies that
development of biofilms by the periodontitis
gave unfavorable results when considering using
related bacteria. In addition, the PAC “reduced the
PACs for a clinical application. The American
secretion of cytokines and MMPs (matric
Journal of Dentistry published a paper in 2012,
metalloproteinases) by macrophages by blocking
activation of the NF-kB signaling pathway.”24 The

Proanthocyanidins Alter Adhesive/Dentin Bonding
Strengths when Included in a Bonding System, that

combination of preventing biofilm formation and
tested incorporating PACs into a dentin adhesive
interrupting cytokine and MMP pathways make
compound.25 The adhesives were tested for
PACs a promising candidate for periodontal related
microtensile bond strength and examined under a
treatment.
scanning electron microscope (SEM). Initially, the
The consumption of proanthocyanidins in
one’s normal diet, through cranberry juice and
non-citrus fruits, are in too low of concentrations
to have beneficial influences on one’s oral health.
Ryker 14

microtensile bond strength, of the control
outperformed the PAC treated adhesives and
primers (Figure 14).25 The PAC treated adhesive
experimentally had a bond strength of 22.22
MPa, where the control had a bond strength of
41.18 MPa. The control continued to outperform
the PAC treated samples all the way up to the 4-

Figure 14: The relationship between mean microtensile bond strength values
with storage time and medium.25

week mark. While the control decreased in bond

application of PAC addition to adhesive resins. This

strength, the PAC treated adhesives and primers

study concluded the addition of PACs had negative

continue to increase in bond strength over time.

effects on the bond strength when incorporated

Past the 4-week mark, the PAC treated samples

with a concentration of higher than 2% by weight.

showed superior bond strength.25 One of the

At 3% PAC by weight or higher in adhesive

reasons why this can be a negative effect for PACs

material, the bond began to show adverse effects.

is if the bond is unable to mature quickly, the filling

The article concluded by saying “The addition of

may have a chance to fail early on before reaching

proanthocyanidin to an experimental adhesive has

complete bond maturation. A weak initial

no adverse effect on the immediate resin-dentin

microtensile bond strength has the potential to

bond strength when the concentration of

have clinical problems early on. Long-term, the

proanthocyanidin in the adhesive is less than or

PAC treatment may be beneficial, but if the filling

equal to 2%.”26 The study does not indicate PACs

cannot endure the early stresses and fails because

have any positive influence on bond strength. It

of it, then the long-term properties are irrelevant.

only concludes that PACs have negative influences

Another study from 2012, Effect of

on the bond strength when the concentration rises

proanthocyanidin incorporation into dental

above 2%. The shortcoming of this test is it failed

adhesive resin-dentine bond strength, explored the

to test the long-term effect of PAC treatment. It
Ryker 15

agrees with the 2012 article, mentioned just prior,

(0.5 wt% CQ, EDMAB and DPIHP), CQ/A/I-2 (1.0

by showing the short term decreased in bond

wt% CQ, EDMAB and DPIHP), and TPO (2.1 wt%

strength of the PAC treated adhesive.

TPO). For each of these four resin formulations a

One of the other shortcomings of PACs is

variety of PAC concentrations were added (0%,

they have the potential to interfere with the

2.5%, 5%, and 10% by weight), such that in the end

polymerization process. The study examined the

there were 16 unique samples. The variety in resin

effects of PACs in Bis-GMA/HEMA co-monomer

formulas, light activated accelerator, and PAC

mixtures with camphorquinone (CQ) as the

concentration allowed a diverse study to be

polymer accelerator. Three different varieties of

performed on the effect PACs have on dental

CQ were used, including CQ/A, CQ/A/I-1, and

adhesives. The degree of conversion as measured

CQ/A/I-2. The four resin formulations were as

in real time, shown in figure 15, by measuring the

follows CQ/A (0.5 wt% CQ and EDMAB), CQ/A/I-1

absorbance ratio of the between the peak at ~1637

Figure 15: Real-time degree of conversion (DC) of adhesives with the four resin compounds is shown above. The red line marks the point of 65%
polymerization.

Ryker 16

cm−1 (methacrylate C=C stretching)
and that at ~1608 cm−1 (phenyl C=C
stretching) before and after curing.27
The spectra showed that, regardless
of the resin compound mixture, the
addition of PACs had a negative
effect on the polymerization
process. Out of the mixtures,
CQ/A/I-2 and TPO mixtures had the

Figure 16: (a) General mechanism of PACs hydrogen-donating capability; (b) Termination of
initiation species by hydrogen atom transfer from PACs; (c) Termination of propagation
species by hydrogen atom transfer from PACs.27

highest degree of conversion, making these two
compounds the better compounds for PAC
containing adhesives.28
The potential for PACs to interfere with the
polymerization process is of major concern as this
can compromise the overall structural integrity of
the filling. The reason behind the decreased
degree in polymerization can be observed in the
role of proanthocyanidins as antioxidants. One of

function of the molecule due to PACs ability to
stabilize itself through resonance structures.
Relating this to the polymerization process of resin
composites, the PAC interacts with the free radical
of the polymer, donating a hydrogen, interrupting
the polymerization process.28 This process is
shown below in figure 16. Part (a) of the figure
shows the general mechanism for PACs hydrogen
donating process. Part (b) shows the termination of

the pathways that allow PACs to disable reactive

initiation species when hydrogen atoms are

oxidative radicals is through hydrogen transfer.

transferred from PACs. The final part, (c), shows

The PAC donates a hydrogen from its phenolic

the process in which the polymerization

functional group, stopping the oxidative radical

propagation is terminated through the transfer of a

through becoming a less reactive radical. The loss

hydrogen atom from the PAC.

of the hydrogen is less significant to the overall
Ryker 17

Discussion:
When examining the potential for a new
material in a medical application, there is a great
number of variables that need to be taken into
consideration prior to any sort of clinical
application. This is especially true when it comes
to materials in dentistry, as the material needs to
be biocompatible, capable of enduring high
physical stresses, maintain mineralization in a wet
environment, endure enzymatic degradation, along
with many other variables. The materials used in
the past, such as amalgams, were successful in
dealing with the high stress environment while
maintaining bacteriostatic properties. The main

cosmetic disadvantage has driven research into
alternative dental filling materials.
The development of composite resin fillings
has allowed for a significantly improved material
from a cosmetic perspective, but it is unable to
maintain the same durability of the amalgams. The
research discussed in this paper is directed to
improve the overall strength of resin related
materials in order to improve the life span of resin
fillings. One of the recent areas of research is the
application of proanthocyanidins in a dental
setting. PACs antimicrobial, antiadhesion,
antioxidant, anti-inflammatory properties14 make it
an ideal candidate.

drawbacks of amalgams are the cosmetic
appearance and the presence of lead in the mouth.
While the presence of lead in the reacted amalgam

Conclusion
The three areas of research with
proanthocyanidins include: dentin collagen cross-

form is safe, as shown by the FDA and multiple
linking, resin and dentin matrix bonding
studies, it is still viewed as a less than ideal
substance. Outside of the health of a patient, a
great deal of lead that originated from dental
offices manages to leach into the environment,

interaction, and bacterial influence. The current
research surrounding PACs influence on dentin
collagen cross-linking, shows that PACs are able to
consistently improve the structural integrity of
causing many environmental problems. The
dentin through cross-linking.
unideal properties of lead combined with the
Ryker 18

The research on the application of PACs in
the bonding phase of a resin composite filling is
mixed. Some of the research indicates the PACs

correct concentration of an ideal PAC isomer is
necessary.
While there are no current clinical products

have a positive outcome on the strength of the

containing PACs currently, I believe that PACs have

filling, while others suggest PACs to have a negative

great potential for clinical applications. A great

influence. Part of the difficulty in combining the

deal of research is necessary prior to developing a

results from these studies is the PACs were

usable product. These studies listed in this paper

collected from alternative sources, consist of

provide a good first step in the process. While

varying isomeric bonding configurations, contain

experiments have been performed on isolating

different number of monomers, and the

PACs and selecting the ideal oligomeric compound,

concentration when applied varies. While some

more experimental data is needed to find the ideal

studies suggest a concentration above 2% has

compound.

negative effects, another study shows the PACs to
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